Supplementary Figure 1 | Geological setting of the study area. a, Geographic location and tectonic map of the study area 1 . The sedimentary cover of the European basement was thrusted along the Glarus fault on top of the Infrahelvetic flysch units during the late stage evolution of the accretionary complexes. The dashed line indicate the Globotruncana marl within the Ultrahelvetic thrust slice. A1 and A2 mark the areas from which samples for geochemical analyses were taken. b, Schematic geological cross-section 1,2 illustrating out-of-sequence-thrusting along the Glarus thrust (cf. Fig. 1 ). The study area is located in the central and southern part of the cross-section. The arrows on top indicate the range of observation for G1-veins as well as G2-and G3-veins. c, Stereoplots showing poles to bedding, cleavage, G1-, G2-, and G3-veins. Bedding and cleavage are subparallel. The majority of G1-veins is parallel to bedding. A minor set of conjugate shear fractures were formed at an angle of ~60 ° to bedding parallel veins. Both orientations record reverse faulting in the study area. G2-veins are preferentially aligned along bedding/cleavage planes similar to G1-veins, but were formed at a later stage and indicate normal faulting in the study area. G3-extension veins dip steeply to the north and record a similar stress field during vein formation as G2-veins.
Supplementary Figure 2 | Example of mineral veins.
Photographs taken under a petrographic microscope (a, c-f) and a scanning electron microscope (b). Cc = calcite, Qz = quartz. a, Bedding parallel G1-vein. The red arrows indicate high angle jogs, the black arrows inclusion trails. Shear sense is sinistral. Further information on the microstructures of these veins can be found in ref. 3 . Plane polarized light. Scale bar 1 mm. b, Backscattered-electrons image of a bedding parallel G1-vein. The inclusion trail consist of sheared host rock fragments. The crack-seal bands trace the successive formation of the vein and comprise quartz and some small particles of host rock. Shear sense is sinistral. Scale bar 200 µm. c,d, Examples of quartz and calcite crystals in a G2-and G3-vein, respectively. The microstructural texture suggests that both phases grew simultaneously in equilibrium with the pore fluid. Crossed polars. Scale bar in (c) 2 mm and 1.5 mm in (d). e, Quartz and calcite crystals in a G3-vein, which show no equilibrium between the phases and are affected by incipient recrystallisation (red arrows). Such samples were excluded from geochemical analysis. Crossed polars. Scale bar 200 µm. f, G3-vein cross cutting foliation (red arrows). Crossed polars. Scale bar 750 µm.
Supplementary Figure 3 | Stable isotopes systematics. a, 
18 O and  13 C values of calcite cements from host rock samples (crosses) and calcite from mineral veins (diamonds). The samples were taken from two different areas within the Globotruncana marl ( Supplementary Fig. 1a) . The values of mineral veins generally overlap with the respective values of host rock, indicating a rock-buffered fluid during vein formation. The distinct trends for area 1 and area 2 reflect slight temperature differences in the onset of carbonate diagenesis, and respective  Sr ratios is given by the external reproducibility of our method and is ± 0.00005. 
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